eter and Medium Energy Particle Analyzer (MEPA) data are used to examine the initial signatures of tail field reconfiguration observed in the near-Earth magnetotail (< 9 RE). Sixteen events are selected preliminarily from 9 months (January-September 1985) of magnetometer data according to two criteria, that is, an unambiguous commencement of tail field reconfiguration and a sharp recovery of the north-south (H) component. The second criterion requires that the satellite was close to the onset region of current disruption. Although these strict criteria result in the small number of events, the magnetic and particle flux signatures of the events are considered to be informative concerning the mechanism of substorm onsets. It is found that these tail reconfiguration events are classified into two types: Type I and Type II. In Type I events a current disruption starts in a flux tube tha• is inward (earthward/equatorward) of the spacecraft, and consequently, the spacecraft is immersed in a hot plasma region expanding from inward (earthward/equatorward). The other type (Type II) is characterized by a distinctive interval (explosive growth phase) just prior to the local commencement of tail reconfiguration. The duration of this interval is typically 1 min, much shorter than that of the so-called growth phase. During this interval the north-south magnetic (H) component is depressed sharply, and the flux of energetic ions increases outward (tailward/poleward) of the spacecraft, suggesting that the cross-tail current is explosively enhanced. It is also found that the radial magnetic (V) component changes with a distinctive phase relationship relative to the north-south component, which can also be explained in terms of the explosive enhancement in the cross-tail current intensity just prior to the current disruption. This enhancement is inferred to be a local process, rather than a result of a current disruption which has occurred somewhere else, although it is possible that the commencement of the H recovery observed is not exactly simultaneous with a substorm onset. The present results contribute significantly to modeling efforts regarding the triggering mechanism of substorms in the magnetotail.
, indicating that the current intensity decreases suddenly (i.e., current disruption). The disruption of the cross-tail current also results in the expansion of the plasma sheet [e.g., Hones et al., 1984] . It is well known that the tail current disruption expands both in the azimuthal [Nagai, examined in detail 15 current disruption events observed in the same range of radial distance and have suggested that the current disruption is triggered by the cross-field current instability [Lui et al., 1991] . Kaufmann [1987] have also suggested that the tail current intensity changes most drastically at altitudes between 7 and 9 Roe during substorms. Ohtani et al. [1990] have reported that the region 1 and the region 2 field-aligned currents are dosed with the radial current in the nightside synchronous region during substorms and suggested that a significant portion of the energy consumed during substorms is produced in this region. Thus it would be most useful to examine the tail current disruption in the near-Earth magnetotail in more detail for understanding the triggering mechanism of substorm onsets.
In this paper we examine the tail current disruption with hightime-resolution magnetic field and energetic particle data from the
Charge Composition Explorer (CCE) of the Active Magnetospheric
Particle Tracer Explorers (AMPTE) mission. This spacecraft has an equatorial elliptical orbit with an apogee at 8.8 Roe; therefore its orbit is most convenient for examining the current disruption in the near-Earth tail. The primary interest in this study involves finescale structures observed during a short interval around the commencement of tail reconfiguration. Such structures are expected to give information on the triggering mechanism of the current disruption. The data used in this study are introduced in section 2. In section 3 we introduce briefly two types of tail reconfiguration, and then examine examples of each type in detail. In section 4 these two types of Signatures are interpreted in terms of the development of the tail current; we focus our attention on the enhancement of the tail current during a short interval (explosive growth phase) just prior to the current disruption. Section 5 is the summary. In the near-Earth magnetotail, the density of energetic particles decreases with the distance from the Earth, and with the distance from the neutral sheet, as well. Therefore it is expected that JCY-) is larger than J(Y+) under quiet conditions. However, during substorms, the flux anisotropy should depend also on the spacecraft location relative to the acceleration region. density gradient, which is inferred from the difference between JCY+) and J(Y-), depends on the inclination of the magnetic field; if the magnetic field is northward (tailward), the difference represents the gradient in the radial (north-south) direction. Since CCE stays usually on closed field lines, our major concern is whether the flux enhancement (recovery) starts in flux tubes inward or outward of the spacecraft, rather than whether the gradient is in the radial or vertical direction.
OBSERVATIONS

Type I and Type H Tail Reconfiguration Events
We examine initial signatures of magnetic field and energetic particle fluxes associated with the tail reconfiguration by using the high-time-resolution data of AMPTE/CCE. We adopted two criteria for the preliminary selection of events. Since the AMPTE/CCE spacecraft stays usually in the current layer due to its small orbital inclination, it is expected that the spacecraft often observes the current disruption. On the other hand, irregular magnetic fluctuations are superimposed upon the large-scale field configuration changes in the plasma sheet, making it difficult to identify the initial signature associated with the current disruption. Therefore the first criterion is the selection of events in which the commencement of the reconfiguration can be unambiguously identified. The second criterion is that the H component must recover very sharply; the initial H increase must occur within a few minutes. If the spacecraft is located far from the onset region, it will observe the gradual changes in the magnetic field disturbance due to the time accumulation of the effects of the current disruption which is expanding in both the radial and azimuthal directions. On the other hand, if the spacecraft is located dose to the onset region, most of the contribution to the reconfiguration will come from the current disruption near the spacecraft, and therefore the spacecraft should observe a sharp change in the field configuration. Hence it is expected that the initial signatures selected give information on the triggering mechanism of the current disruption. We should emphasize that we selected events irrespective of the sharpness of V signatures. In contrast to sharp H recoveries, sharp V recoveries can be caused by the rapid movement of the spacecraft relative to the current layer, and therefore does not necessarily mean the occurrence of onsets close to the spacecraft.
We surveyed the AMPTE/CCE magnetometer data during the period from January to September in 1985. During this period the spacecraft surveyed the nightside local time sector, from 1800 to 0600 in MLT; data were accumulated such that there was no evident dawn-dusk asymmetry in the local-time coverage of observations. First, we made 2-hour plots of 6.2-s median values for all the tail reconfiguration events selected from orbital plots of magnetic field data, and then selected events according to the criteria; 16 events qualified for selection. Table 1 lists the time and location of the spacecraft for each of the 16 events, as well as information on the magnetic field prior to the commencement of the tail reconfiguration.
By expanding signatures observed during the several minutes around each onset of tail reconfiguration, we found that the 16 events that were selected can be classified into two groups: Type I and Type II. The sequence of changes in the H and the V components, as well as the particle flux variation, observed in each type of tail reconfiguration are schematically illustrated in Figure 2 . In Type I events, the magnitude of the V component begins to decrease before H increases, followed by irregular variations, while Type II events are characterized by a transient depression of the H component just prior to recovery. The energetic particle population starts to increase inward of the spacecraft in Type I events and outward of the spacecraft in Type II events, suggesting that the difference in magnetic signatures arises from the difference in the spacecraft position relative to the current disruption region or flux tube. The relative timing between the magnetic field and energetic particle signatures is generally different from case to case. Cl'he only exception is the increase in JqY+) in Type II events, which starts prior to the commencement of the H recovery.) This would be so because the changes in the magnetic field components can be observed even if the spacecraft is distant from the region of current disruption, while enhancements in energetic particle fluxes cannot be observed unless the spacecraft is located within one Larmor radius of the energization region or the boundary of an energetic particle regime. Note that flux enhancements can be observed also in association with the motion of the boundary of trapped particles [e.g., Walker et al., 1976] .
For some of the selected events the MEPA data are not available, or the flux anisotropy cannot be confirmed because of small fluxes or inconvenient geometry between the magnetic field and the Locations (radial distance, magnetic local time, magnetic latitude, the distance from the magnetic equator estimated according to Lopez [1990] satellite spin axis. Consequently, we use only the magnetometer data for classifying tail reconfiguration events. However, we should emphasize that we could not find any events in which the anisotropy of the energetic ion fluxes contradicts our classification. We classified the 16 events into Type I and Type II events by examining higher-resolution (l-s) data. We found 5 Type I events and 11
Type II events.
The small number of events, 16 in total, is probably due to our restrictive selection procedure. As mentioned at the beginning of this section, the selection of events with sharp recoveries of the H component suggests that the spacecraft was very close to the initial location of the current disruption. Our previous case study [Ohtani et al., 1991] , which examined one of the Type II events (day 211 event), has shown that the spatial scale of the onset region is -1 R e or less in both the radial and azimuthal directions. On the other hand, during the 9-month period, CCE surveyed the nightside near-Earth tail at r < 8.8 R e without any preference for local time. If onsets of the current disruption occur at random at 6.6 R e < r < 10 R e and 18 < LT < 06, the chance of the spacecraft encounter of the onset region is given as (•r x 0.5 R e x 0.5 R e ) / (0.5 x •r x 10 R e x 10 R e -0.5 x a' x 6.6 R e x 6.6 Re) -0.01. Let us assume that substorms occur at a rate of five per day. Hence the total number of substorms which are expected to occur during 9 months is estimated to be 5 x 30 x 9 = 1350, and therefore the number of Type I and Type II events expected to be observed during the same interval is estimated to be 1350 x 0.01 ~ 14. The result is not much different from the number of events which we selected. Although the occurrence distribution of substorm onsets is not as simple as assumed above, we believe that the selected events reveal general properties of the commencement of the (local) current disruption.
April 29, 1985 Event: An Example of the Type I Tail Reconfiguration
In this subsection we show an example of the Type I tail reconfiguration (Figure 2a ). The event we examine took place at about 1452 UT on April 29, 1985. The spacecraft was located at 8.6 R e from the Earth in the postmidnight magnetotail. Figure 3 presents the magnetic field and energetic particle data during the event.' The particle data are sector-and-spin averaged over four spins (-24 s) , and the magnetic field data are 6.2-s median values. The H component suddenly increased at ~ 1452 UT, and the V component began to decrease slightly before the H increase (this time delay can be easily identified in the expanded plot, Figure 4) ; that is, the magnetic configuration changed to a more dipolar one. It should also be noted that the particle fluxes increased without any evident energy dispersion. On the ground, a positive bay onset was observed at ~1451 UT at Kakioka (207.9 ø geomagnetic longitude, 25.6 ø geomagnetic latitude) and Memambetsu (210.4 ø, 34.6ø). The AE index also revealed the commencement of a small substorm (AE -250 nT). Therefore, the change of the tail configuration observed at AMPTE/CCE was associated with this substorm onset. at 0656:15 UT (not shown). These particle signatures suggest that the energization started outward (tailward/poleward) of the spacecraft, and that the spacecraft was immersed in the hot plasma region in association with the tail reconfiguration.
In summary, the Type II tail reconfiguration is characterized by a distinctive interval just prior to the commencement of the tail reconfiguration (also see Figure 2b ). The duration of this interval is much shorter than that of the conventional growth phase. During this interval the north-south magnetic component is depressed sharply, and the energetic particle population increases outward of the spacecraft.
Timing of the H and V Changes in Type II Events
The most distinctive signature of the Type II tail reconfiguration is the transient depression of the H component just prior to the sharp recovery. Type II tail reconfiguration is often observed with AMPTE/CCE. . The same correlation was found between the H and V components for each of the 11 Type II events selected. This finding is very useful for interpreting this type of tail reconfiguration, as will be discussed.
Spatial Distribution of Type I and Type II Events
Figure 10 represents the equatorial distribution of Type I and Type II events, which are represented by the open and solid circles, respectively. The difference in distribution is not evident between the two types. (Although four of the five Type I events were observed in the postmidnight region, the number of events is not large enough to be conclusive.) As will be discussed in the next section, the two types of the tail reconfiguration signatures do not necessarily mean two different mechanisms of current disruption, but they would s!mply reflect the difference of the spacecraft position relative to the initial disruption region. Since the energetic particle population starts to change inward (earthward/equatorward) of CCE in Type I events, and outward (tailward/poleward) in Type II events, it would be expected that Type I events are observed at higher latitudes and/or at larger radial distances than Type II events. However, we could not find any evident difference in radial distance and in magnetic latitude of the occurrence between the Type I and the Type II events (see Table 1 ); this may be due to the small number of the Type I events. On the other hand, the smaller occurrence of Type I events suggests that the tail current disruption starts more frequently outside of the CCE orbital coverage. The overall occurrence of both types of events is significantly skewed toward the premidnight sector. The sharp recovery of H, which is the criterion for the event selection, can be ascribed to the sudden disruption of the tail current near the spacecraft, as discussed in section 3.1. Therefore the skewed distribution suggests that the onsets of the current disruption tend to occur more frequently in the premidnight sector. 
Interpretation
In the previous section we examined the initial signatures of the tail reconfiguration with a time resolution on the order of seconds, and found that the signatures can be classified into two types: Type I and Type II. Since the H component increased suddenly in both of the two types, it is unlikely that the signatures are simply spatial structures observed when the spacecraft crossed field lines along which distant effects have propagated. It is therefore reasonable to discuss these two types in terms of the local change in a current system near the CCE spacecraft. [1989] have found that the particle injection is composed of an earthward streaming edge, followed by a relatively isotropic plasma region, for tail reconfiguration events in which the magnetic field strength decreases; note that the magnetic strength decreased in the course of the tail reconfiguration also in the April 29 event (see Figure 3) . Lopez et al. have argued that the plasma sheet expands from equatorward of the spacecraft in association with the tail current disruption. These previous findings are consistent with the result of this study.
The time sequence of the D deviation observed in Type I events also favors the above interpretation. In the April 29 event the transient D depression began almost simultaneously with the decrease in 114, followed by the steplike increase (see Figure 3) . The reversal of the sign of the D deviation could be ascribed to the motion of a field-aligned current sheet relative to the spacecraft; that is, the field-aligned current was generated in association with the tail current disruption inward of the spacecraft position, and then passed over the spacecraft in the course of the poleward expansion of the plasma sheet. The D deviation reveals such a reversal of sign in four of the five Type I events we selected, while the deviation was very irregular in the other event.
On the other hand, we infer from the increase in H that at that time the current is disrupted on the tailward side of the spacecraft. The time delay of the H increase from the 114 decrease suggests that the disruption region expands tailward; therefore it is quite possible that a substorm onset takes place before the commencement of the H recovery. It should also be noted that the spacecraft was within the plasma sheet (or plasma sheet boundary layer) before the tail reconfiguration in the April 29 event, as suggested by the particle fluxes at almost same levels as those after the reconfiguration (see the lowest-energy channel of the MEPA data in Figure 3 ). Taking into account that the current disruption starts in the flux tube inward of the spacecraft in Type I events, we conclude that onsets of the current disruption often take place within the near-Earth plasma sheet.
Type II events. The other type (Type II) of the tail reconfiguration is characterized by a distinctive interval just prior to the sharp increase in H.
The duration of this interval is typically 1 min, much shorter than the so-called growth phase. During this interval the H magnetic component is depressed sharply, and the flux of energetic ions starts to increase first in a flux tube outward of the spacecraft. Therefore we should discuss the H depression in terms of the change in the current intensity that is occurring in a flux tube outward of the spacecraft. We infer from Biot-Savart's law that the tail current intensity is enhanced explosively during this period of H depression. The increase in J(Y +) observed before the tail reconfiguration at the spacecraft position may be responsible for this current enhancement. The sharp recovery of H, which follows the depression, is regarded as the commencement of the tail reconfiguration, in the conventional sense, and can be ascribed to tail current disruption which also occurs outward of the spacecraft, presumably in the same flux tube in which the current intensity has been enhanced explosively. The explosive enhancement of the tail current intensity, followed by the disruption, may be a fundamental process of the substorm triggering mechanism.
We figuration and the spatial size of the flux tube, which would make the discussion speculative. Hence we would like to make a qualitative discussion, as follows.
Magnetic deviations of different magnetic components result from .the change in the current intensity at different parts of the flux tube. That is, the change in the current intensity tailward of the spacecraft causes magnetic deviations in the H magnetic component, while the change poleward of the spacecraft causes magnetic deviations primarily in the V component. As discussed previously, we infer that the current intensity is enhanced in the flux tube suddenly before the current disruption. The current enhancement near the equator of the flux tube results in the decrease in H, while the current enhancement in the poleward part of the flux tube resuits in the decrease in II• (Figure 11a) . The enhancement in the current intensity is followed by the current disruption, which is equivalent to the reversal of the direction of the deviation current. Therefore the sign of deviations in each of the magnetic components should be reversed at the commencement of the current disruption. That is, both H and Ivl decrease (Figure lib) . Thus the coincidence between the commencement of the H recovery and the increase in I1•, which is observed in Type II events, is explained by assuming that the tail current is enhanced explosively before the current disruption in a flux tube surrounding the spacecraft.
There are, at least, two effects which are in general important in interpreting magnetic field and particle flux changes, but are not relevant to the Type II events; that is, effects of field-aligned currents and those of injected plasma. 12a ). In such a case for the current wedge model we expect that Ivl increases and then decreases in correlation to the H deviation (Figure 12c) . However, the opposite deviation is observed in Type Table 1 ) would support this claim. It seems that the spacecraft is located on more SunEarth directed field lines in Type I events than in Type II events, except for the day 158 event. It should also be noted that the observed inclination is significantly smaller, that is, more Sun-Earth aligned, than the field model prediction in Type I events (also except for the day 158 event), while the difference is not so large, less than 10 ø, in Type II events, except for one event (the day 152 event). These facts suggest that the spacecraft is located poleward of the current enhancement region in Type I events, while the spacecraft is located inward (or inside) of the current enhancement region in Type II events. This is consistent with our interpretation of each of the two types of tail reconfiguration.
It would be reasonable to expect, for Type I events, that the spacecraft should observe the explosive enhancement in the tail current intensity before the current disruption. The expected magnetic signature would be the sudden increase in I1•. However, in all the five Type I events selected in this analysis, II• tended to decrease continuously, at least until the commencement of the H recoycry, and such an increase in I1• could not be found. Multisatellite observations would be necessary for testing our interpretation of the two types of tail reconfiguration, which will be the subject of future studies.
Explosive Growth Phase
The explosive enhancement in the tail current intensity during a short interval just prior to the current disruption is one of the most important findings of this study. The duration of this distinctive interval is typically 1 min, much shorter than that of the conventional growth phase; hence the interval may be referred to as the explosive growth phase. Figure 13 schematically shows the development of the tail current intensity in the onset region during substorms. As discussed in the previous section, the explosive enhancement in the tail current intensity is a local process, rather than a result of a current disruption which has occurred somewhere else. Therefore the present discussion would also be applicable outside the onset region, if the current disruption is triggered locally (section 4.1.2). During the growth phase the current intensity continues to increase gradually, resulting in the increase in the lobe field magnitude, and also resulting in the thinning of the plasma sheet. Then the intensity begins to increase explosively, and accordingly, the plasma sheet becomes thinner. Finally, the plasma sheet becomes unstable to a certain instability, which triggers the current disruption; that is, a substorm onset takes place.
The enhancement in the tail current intensity and the behaviors of plasma sheet ions could be explained in terms of a positive feedback between the current intensity and the number of nonadiabatic ( The energy range of MEPA channels used is 25 keV to 285 keV or higher, which is higher than the typical ion temperature in the near-Earth plasma sheet, which is ~ 10 keV [Moore et al., 1987; Lui, 1992] . One of our interests is whether ions observed with MEPA can be the carriers of the tail current. With regard to the adiabatic drifts of ions, namely, the gradient B drift and the curvature drift, the drift velocity is proportional to the energy of particles. By assuming a Maxwellian distribution with a temperature of 10 keV, the contribution of ions above 30 keV to the total energy density is estimated at -20%. If the characteristic length of the spatial gradient of the particle density does not depend on particles' energy, the magnetization current is also proportional to the energy density. Therefore the contribution of ions above 30 keV to the total current (the diamagnetic curren 0 is ~ 20%. However, higher-energy ions have a larger Larmor radius and can become nonadiabatic more easily. Therefore we suggest that they contribute to the current density more significantly.
The localization of the substorm onset region could also be understood in terms of the present scenario of the tail current development during substorms. It is well known that the substorm onset region is localized both in the azimuthal and the radial directions; the spatial scale of the region would be of the order of -• 1 R e or less [Ohtani et al., 1991] . On the other hand, the tail current is enhanced in much larger region in the near-Earth magnetotail before substorm onsets. In fact, the current disruption expands both in the radial and the azimuthal directions, suggesting that the energy has been stored also outside of the onset region during the growth phase. Here one of the most important problems is why substorm onsets take place in a localized region despite the rather homogeneous enhancement in the tail current intensity. Figure 14 schematically shows the change in the tail current intensity during a substorm at two locations; let us assume that one point (A) is in the onset region and the other point (B) is outside of, but very close to, the onset region. During the growth phase the tail current intensity increases continuously both at A and B; hence we assume that the intensity in the onset region (A) is slightly larger than that outside of the onset region (B). Therefore the thickness of the plasma sheet becomes comparable to the ion's Larmor radius first at A, and consequently, the current intensity begins to increase explosively there. When the plasma sheet is locally so distorted that it becomes unstable to a certain instability, the tail current is disrupted and a substorm commences. On the other hand, the current intensity outside of the onset region (B) is still increasing gradually when the explosive growth phase starts at A, and the plasma sheet is still stable to the instability at B. Note that during this interval there is a significant difference in the current intensity between the two locations. Consequently, the current disruption would start in a localized region.
In the above discussion we assumed that there is a slight difference in the tail current intensity between inside and outside of the onset region during the growth phase. However, the present model would be still applicable, even if the current intensity develops homogeneously, but the ion's Larmor radius, which depends on the ion's energy and the magnetic strength, is not homogeneous in the near-Earth magnetotail. In such a case, the explosive development of the tail current would start first in the region where the Larmor radius is largest, and consequently the substorm onset takes place there. This may be one reason why the distribution of the Type II events is significantly skewed toward dusk (see section 3.4); note that the average energy of ions is higher in the premidnight sector than in the postmidnight sector [Hardy et al., 1989] .
Distinctive intervals just prior to substorm onsets have also been pointed out from different viewpoints. Pellinen and Heikkila [1984] examined a sequence of auroral luminosity,during a substorm, and found that an auroral arc fades about 1 or 2 min before an auroral breakup [see Pellinen and Heikkila, 1978] . They also discussed a configuration of the tail current in terms of a current sheet pinch. Baker and McPherron [1990] also suggested a similar current system and discussed it in terms of the near-Earth neutral line formation. Modeling of a three-dimensional current system, including ionospheric currents, is a crucial problem of the triggering process of tail current disruption. We think that our results place important constraints on such modeling.
SUMMARY
We have examined the initial signatures of tail reconfiguration in detail with the AMPTE/CCE magnetic field and MEPA data. From the 9-month (January-September 1985) magnetometer data we selected 16 events which satisfy two criteria, that is, the unambiguous identification of the commencement of tail field reconfiguration and the sharp recovery of the north-south component. The unexpectedly small number of events selected, despite the longterm data we surveyed, is probably due to the second criterion, which requires that the satellite was close to the onset region of the current disruption. We found that these tail reconfiguration events are classified into two types. One type (denoted as Type I) is ascribed to a tail current disruption which starts in a flux tube inward (earthward and/or equatorward) of the spacecraft location. In this case the absolute value of the V component (114) begins to decrease first, followed by an increase in the H component. Energetic particle fluxes also increase in flux tubes inward of the spacecraft in association with the 114 decrease, indicating that the hot plasma region expands from within the spacecraft location. The other type of tail reconfiguration (Type II) is characterized by a distinctive interval (explosive growth phase) just prior to the commencement of tail reconfiguration; the duration of this interval is typically 1 min, much shorter than that of the growth phase. The H component is depressed sharply during the explosive growth phase. The particle flux anisotropy indicates that the particle energization begins in a flux tube outward (tailward/poleward) of the spacecraft location, suggesting that the H depression is caused by the explosive enhancement in the tail current intensity, which also takes place outward of the spacecraft location. The coincidence of timing be-tween H and V signature around the commencement of the Type-II tail reconfiguration can also be explained in terms of the explosive enhancement in the cross tail current intensity preceding the current disruption. This enhancement is inferred to be a local process, rather than a result of a current disruption which has occurred somewhere else. The present results would place important constraints on modeling the triggering of tail current disruption.
